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'T'HE nKchaiucal properties ol wood arc 
^ those which dchnc its strength or resistance 
to loads and shock. The physical properties 
are those which involve its structure and ap- 
pearance, such as cell arrangement, hber 
length, color, porosity and resistance to deca\. 
'1 hese properties combined — strength, weight, 
iolor, hardness, ease ot working, durability, 
shrinkage and sho^k resistance — determine the 
\alue of any species of wood for a specihc 
use. Southern Vellow Tine is the wood of 
general construction because its mechanical 
properties qualify it for most structural uses 
^\r\d its ph>sical properties and appearance 
make it available for decorative purposes. 
1 hi> bulletin is concerned primarily with its 
mechanical or strength properties! For a 
l»eam. girder or joist, the combined bending 
and h<»rizontaI shear resistance of Southern 
Yellow Pine excell that of any other commcr- 
ually available species of structural wood. 
For a column or post, it develops high com- 
pression value parallel tn the Mx^wn combined 
with r For 

^^•»''f . :hc ncc- 

c>sar\ iKiuine^'v. reM>tance to abrasion and nail 
h !^ J power combined with moderate 
Southern Yellow Pine, of the con- 
.... .; MHis. has the highest shock resisting 
biliiy combined with hardness. The resinous 
' * ^ ' ' ^ * urn ^'ellow 

^ -;ainst decay 

t>ic for sills or 
:)crs in contact 
\Mih the ground or exposed to moisture 



For ^hcaihiiiL; or protection against the 
weather, the heat c(jnductivit\ ol Southern 
\'elIow Fine is less than one-third that of 
brick or concrete M\d less than one-three hun- 
dreth part that of >teel. For lire resistant 
construction, unprotected heavy timbers will 
resist the action ol high temperature hres for 
a period of duration two to lour tinies longer 
than that of unprotected steel ami the un- 
hurned portion ol tlie timber shows no loss \i\ 
>trength Ironi the eliects of hre For a pole, 
vehicular or iniplement part, it has the requis- 
ite toughness, stiffness and resilience t(» resist 
sudden application and reversal of stress and 
the hardness to resist wear at joints and httings. 

Ct)MPARISC)N OF SPFXIES 

I he relative values of the mechanical and 
ph\sical properties of the four species of 
Southern ^'ellow Tine is expressed in Table I 
on the basis of 100 for Longleaf Yellow Pine. 

TABU I. 
Relative Fatmcs o/ /'our Species^ 
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It is generally impossible to definitely de- 
termine the species of manufactured Southern 
Yellow Pine lumber by visual inspection and 
it is very difficult to do so by microscopic in- 
spection. Common to all natural products, 
there is a lack of uniformity and the variation 
of the physical properties results in an over- 
lapping of them causing the exact point of de- 
marcation between the species to be very in- 
definite. A system of grading and classifying 
Southern Yellow Pine without reference to 
species has been developed, which is based on 
the physical property of density which deter- 
mines the strength quality. 



Shrinkage 

GREEN WOOD contains water within the wood 
substance of the cell walls and free water 
in the open pores. The liber saturation point 
is that condition when the cell w^alls are still 
saturated with moisture but the water in the 
pores has evaporated and corresponds to ap- 
proximately 23 per cent moisture content. 
When the wood dries to less than the fiber 
saturation point, the evaporation of the mois- 
ture is accompanied by a shrinkage of the 
wood substance in directions at right angles 
to the grain. 

Heartwood shrinks less than sapwood; 
the larger the stick, the higher the percentage 
of moisture content with a proportionate de- 
crease in shrinkage from the green condition. 
Tables of mechanical properties record 
shrinkage as the total shrinkage to oven-dry 
temperature and moisture content. For 
Southern Yellow Pine, the average total 
shrinkage will be 12 per cent in volume, 8 
per cent tangentially to the ring growth and 
6 per cent radially. 

In the normal air-dry or balanced moisture 
condition of structural timbers at ordinary 
temperature and humidity, Southern Yellow 
Pine will eventually approximate 12 per cent 
moisture content, variations in the water pre- 
sent depending upon the size of the piece and 
the normal humidity condition in w^hich the 
timber is placed. The shrinkage from the 
green condition to this normal moisture con- 



tent is approximately one-half that recorded 
in tables of mechanical properties. Shrinkage 
in a radial direction is approximately one-half 
of that in a tangential direction and therefore 
edge-grain or rift-sawed material shrinks less 
in w^idth than iiat-grain material 

At the normal moisture content of 12 per 
cent a 12" edge-grain board will change ap- 
proximately ^^s" in width for each 6 per cent 
change in moisture content and a 12" flat-grain 
board w^ill change 7/32" in width for each 
6 per cent, change in moisture content. 

Durability 

,EXSE heart Southern Yellow Pine with an 
85 per cent girth measurement heart re- 
quirement as in select structural material, or 
a two-thirds or more heart requirement face 
measurement as in merchantable material, 
possesses the strength, freedom from warping 
and checking and resistance to decay which 
recommend it for use in major structures with- 
out preservative treatment. 

The sapwood of all species of wood is sub- 
ject to rapid attack of wood destroying fungi 
when exposed to conditions of moisture com- 
bined with lack of ventilation. The growth 
of damp or dry-rot fungi is brought about by 
either direct contact with infected ground un- 
der favorable moisture and temperature con- 
ditions for growth, or the fungi are carried 
in the lumber after having been contracted in 
the lumber yard through improper piling of 
unseasoned sapwood with scant ventilation. 
Dry-rot fungi start to germinate in moist 
wood and make their way long distances into 
dry material. 

The dense and resinous heartwood of the 
Southern Yellow Pine tree is highly resistant 
to attack. The resin content waterproofs the 
material and prevents the absorption of the 
water necessary to the growth of the fungus. 
In most of the cases in which serious decay 
has occurred on the interior of a building it 
developed shortly after the structure had been 
built and frequently in large sticks which were 
infected with the fungus in the lumber yard, 
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and which were composed chiefly of insuffi- 
ciently seasoned sapwood. Frequently the 
error is made of completely enveloping such 
sticks with ornamental metal or other cover- 
ings thus eliminating all possibilities of the 
seasoning of the wood and creating conditions 
favorable to fungus growth. Such treatment 
can only result disastrously and should be pro- 
hibited by building laws. The dense heart- 
wood of Southern Yellow Pine combined with 
its resinous content are inherent deterrents 
against rot. 

The heartwood content of a stick is gener- 
ally determined by the girth or face measure- 
ment taken as a percentage of the entire cir- 
cumference or perimeter, or side of the stick 
as the case may be, and measured at the point 
where the greatest amount of sapwood occurs. 
The volumetric or cubical content of heart- 
wood, in percentage of contents of the whole 
stick, always exceeds the girth or face 
measure. That is, in a square boxed-heart 
stick for example with the sapwood distribut- 
ed on all four corners and with 85 per cent 
heartwood, girth measurement, the actual 
cubical content of heartwood is 99 per cent of 
the volume of the stick at the point of maxi- 
mum sapwood. As the sapwood will always 
diminish and occasionally entirely disappear 
at the butt end of the tree, the actual percent- 
ages of heartwood in the volume of the stick 
are even greater. 

Preskrvative Treatment * 

IX addition to its strength and inherent 
durability, the structure of Southern 
Yellow Pine is more adaptable to preserva- 
tive treatment than any other wood used for 
structural purposes. When treatments are 
used, the preservative should penetrate all of 
the sapwood and as much of the heartwood 
as practicable. Antiseptic preservative treat- 
ment is recommended where the conditions of 
use are extrenicly conducive to rot; as in moist 
basements; in rooms subject to high humidity; 
in mills where the air is maintained moist 
mechanically; in exterior construction alter- 
nately wet and dry, in contact with the ground 
or periodically in contact with water; and 

•Sec specification* of the .American Wood Preserver*^* Ass'n 



where it is desired to use lower sap grades 
of timber. In some regions of the country, 
the interior woodwork and even the furni- 
ture of buildings are subject to attack by 
termites or flying-ants, and where such attack 
is common, impregnation with chemical pre- 
servative is recommended. 

The wood preservatives in general use in 
the United States are Coal-Tar Creosote and 
Zinc Chloride or a combination of the two. 
Standard pressure treatments in which the 
process is so controlled as to insure a maxi- 
mum penetration of the preservative are gen- 
erally recommended. Where the more ex- 
pensive pressure treatments cannot be obtained 
or are not warranted, surface applications are 
available which are useful in prolonging the 
natural life of the wood. These consist of hot 
and cold bath treatment, steeping in an open 
tank, dipping, brushing or spraying. Such 
surface treatments should be applied only to 
well seasoned material. Creosote is suitable 
for any of these surface treatments but zinc 
chloride is used only in the hot and cold bath 
or the steeping process. 

The treatment of interior building lumber 
and timber may differ from the treatment 
suitable for exposed bridges, piles, sills or 
railroad ties. Timber impregnated with 
creosote by one of the standard pressure 
methods is the most satisfactory for exterior 
construction. For the interior of building 
structures, where the odor of coal-tar creosote 
may be objectionable or where a painted or 
stained hnish is desired, zinc chloride treat- 
ment may be used. Other water-soluble salts 
which have been used to some extent in the 
I'nited States are Mercuric Chloride and 
Sodium Fluoride. Mercuric Chloride is 
very effective in prolonging the life of wood; 
but its high cost, poisonous character and cor- 
rosive action on steel have militated against 
its general use. Sodium fluoride has been 
experimented with in this country for about 
ten years and the evidence thus far available 
would indicate that the salt gives satisfactory 
penetration, is toxic, and permits effective 
painting of wood. Its cost is somewhat 
greater than that of zinc chloride. For the 
roofs of factories maintaining high humidity 
or where the heat insulation of the roof is 
an important problem, creosoted Southern 
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Yellow Pine plank, in tlat or laminated con- 
struction, provides a roof of light weight 
which is nonsweating and tire resistant to a 
high degree."^' 

EFFECT ON STRENGTH 

The strength of Southern Yellow Pine is 
not impaired through treatment by standard 
approved processes. Tests conducted at the 
U. S. Forest Products Laboratory, at the 
Engineering Experiment Station of the Uni- 
versity of Illinois and by the Atchison, To- 
peka and Santa Fe Railway Company on 
Southern Yellow Pine, treated by such proc- 
esses, indicate that, after the material has 
reached its normal moisture content, its 
strength is equal to that of the untreated 
timber. Because of the waterproofing and 
water-resisting properties of the creosote, the 
strength of creosoted timber exposed to water 
will generally be more uniform than that of 
untreated material. A number of investiga- 
tions into the strength of creosoted Southern 
Yellow Pine after periods of 30 to 40 years 
of exposure in active service show that it is 
still in good serviceable condition.** 

Strength of Small Clear Specimens 

THE average clear wood of all species of 
Southern Yellow Pine has a safe bending 
strength or working stress in the extreme fiber 
of over 2,000 pounds per square inch. If in 
addition, the material is selected for density, 
that is when showing six rings of annual 
growth or more per inch with a minimum of 
one-third summerwood"***, the safe working 
stress of the clear wood is 2,400 pounds per 
square inch. Southern Yellow Pine, not 
graded for density but containing not less than 
six nor more than twenty rings per inch meas- 
ured over the same area designated by the 
density specifications of the American Society 
for Testing Materials, has a safe working 
stress of 2,150 pounds per square inch. Com- 
plete tables of all the properties of Southern 
Yellow Pine which make this wood valuable 
for so many structural and industrial uses are 
given in the Southern Pine Manual of Stand- 
ard Wood Construction. 

*See Bulletin No. 5 of this series. 

**See Eng. News Record — June 2, 1921, and papers No. 1168 and 

1269. Transaction — Am. Soc. Civ. Engrs. 
♦♦•Specifications D 10-15 American Society for Testing Materials. 



HEARTW'OOD AND SAPWOOD 

The sapwood of Southern Yellow Pine is 
just as strong as the heartwood, other things 
being equal. So far as the mechanical 
properties of timber are concerned, sapwood 
therefore is not a defect. The heartwood of 
the tree is the transformed inner sapwood 
which changes to heartwood accompanied by 
increase in resin deposits as the new sapwood 
forms on the outside. The strength of the 
timber is dependent upon the density of the 
growth of the wood structure. The only in- 
stance where sapwood is likely to be weaker 
than heartwood is found in old, overmature 
trees where the last new growth is porous and 
lightweight in character, and the density as 
measured by the percentage of summerwood 
is low even though the rings may be close. 

EFFECT OF TURPENTINING 

Turpentining Southern Yellow Pine trees 
(longleaf) does not lower the strength or de- 
crease the resin content of the wood. This 
matter was fully investigated by the Forest 
Products Laboratory of the U. S. Forest Ser- 
vice and this conclusion reached after an ex- 
tensive series of tests. 

Strength of Structural Sizes 

EFFECT OF SEASONING 

The ultimate load-bearing strength of 
sound structural size timber is the clear wood 
strength reduced by the influence of defects, 
particularly large size knots or irregular 
grain in the mid-section of the piece. The 
elastic strength or stiffness is more dependent 
upon the density and physical quality of the 
wood fiber or wood structure than upon the 
knot or grain defects. In drying small size 
timber (joists 4" and under in thickness), the 
loss of moisture results in a 20 per cent in- 
crease in strength where average defects occur. 
In timbers of larger size, the increased 
strength due to loss of moisture from season- 
ing is generally offset by checking around 
knots and along the neutral axis. In the lower 
grades of small dimension with large defects, 
checking also oftsets the increase in strength 
due to drying. 
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tOM.Ml.KCl \L AM) L'SL GRAULS 

In general, therefore, two classes ol work- 
ing stresses are rec(jmnvended for correspond- 
ing grades, one iur flo^jr jotiti and one for 
tsfj/aifd beanti fjt girders; for the same work- 
ing stresses in smaller sizes, relative!) larger 
defects may be permitted. I'he higher stress 
values to be employed in wood-joist construc- 
tion, with the same relative limitation of de- 
fects, are suitable for dimension or heavy joist 
stock, 4" and less in least dimension. 'I'he 
lower stress value with the same relative limit- 
ation of defects, is suitable for timbers >" and 
over in least dimension when employed as 
isolated beams or girders. In commercial 
grades, it is desirable to have a more rigid 
limitation of defects in the larger si/e stock, 
with equal working stress values in b<Jth large 
timbers and small dimension. 

Southern Pine Association 
Structural Grades 

THE Southern Pine ^ »n provides 

structural timber, he. and dimen- 

fion gradci adapted to all cuiuiruccion uses: 

1 Select Structural Grade for heavy con- 
struction use in important engineering 
structures such as main stringers, girders 
^^ members in bridges and mill 



GeneralStructuralGrades for all ordinary 
structural uses in buildings, trestles, 
wharves, pic"^ r^"-^ general i—"^»^'» ti"' 
as follows: 

a. N^ 1 CfMTifTVMi. fnr ufr on tftr in- 



where appearance is not a 



b Sf^usrr I 



\ S^MjfiH. fnr rTtrrinf 



c. McrJiam.il)lc, lor striKtur.ii uses, 
either interior or exterior, where ap- 
pearance and strength are taitors and 
vnIrtc .1 ^Liar.nitv ol durability is a re- 
ijuisitc when UMil uiitrcUcd. 

-V In ailiiilion ti> the timber grades, heavy 
joist and dimension grades arc lurnl^hed 

as lollows : 

a. No. 1 C (iininon lor ordinarv general 
use where nunil)ers ate li.inied to 
lorin a composite unit as in )oisled 
llooi const rui iton, usuallv io\eied 
with shcalhmg, llomnii' to ttiliiu' mi 
top and l)ottoin ; 

b. No. 2 C'oinnioii lot light load, shoit 
span work to be used similailv to the 
above, wheie delkction rather ttun 
strength is the contiolling hutor; 

C. No. 3 C^oninioii l(»i a h ^v { xpcnvivc 
building material, commonlv em 
ploved lor studs and very Iiglit joists, 
usable h\ wasting 2^ per lent ol the 
length ol at least one third ol the 
number of pieces ol each item in a 
shipment 

Rexxjmmendko VV^oRKiNG Strksses 

STRUCTURAL HMBI k 

111 tiriioer constructions, wannng n\ in- 
cipient lailure occurs lonc' bclore actual lail- 
When the dc*- 

' ^ lof imp.it !, %\ 

di- 

, i»JCt. 

of use are r< 1 in tfie fol- 

. .. ...^ ;u.,va.jtioni in eaii. ^.» iv of material: 

CUn A for use m exterior structures or mem- 

^ r ^ - . ^ ^ r „n| 

; Icjf 

use lu 
wratfirr 



for 



mcfit with a chemuil prcscfN 
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TABLE II. 
Reconnnended Design Stresses 

(Lhs. pt-r sq. in.) 

SELECT STRUCTURAL GRADE, DENSE* 

Class A Class B Class C Class D 
Bending, extreme 

fiber 1200 150!) 1800 

Direct tension (net 

area) 1200 1500 1800 

Compression (short 

columns) 1(H)() 1200 1350 

Compression (long 

columns) Reduce direct compression by pro- 

duct of (r;/75)x ////.*** 
Compression (Hat- 
wise) 2 SO 300 350 
Longitudinal shear 

(uniform load) 100 125 150 

Longitudinal shear 

(concentrations)*- 150 175 200 

Shear with grain 

(details) 150 150 150 

Design weight per 

cu. ft. 48 lbs. 48 lbs. 42 lbs. 

Modulus of elasticity 1,600,000 lbs. sq. in. 

TABLF, III. 
Reconnnended Desujn Stresses 

[Lbs. ptf sfj. in. ) 

GENERAL STRUCTURAL GRADES, 
Graded for Density* 

Class A Class H Class C Class D 
Bending, extreme 

fiber 1100 1400 1600 2000 

Direct tension (net 

area) 1100 1400 1600 2000 

Compression (short 

columns) 000 1100 1200 1600 

Compression (long 

columns) Reduce direct compression b\ pro- 

duct of (6775) x/,V/.*** 
Compression (Hat- 
wise 250 300 350 500 
Longitudinal shear 

(uniform load) 100 125 150 275 

Longitudinal shear 

(concentrations)** 150 175 200 275 

Shear with grain 

(details) 150 150 150 27S 

Design weight per 

cu. ft. 48 lbs. 48 lbs. 42 lbs. 48 lbs. 

Modulus of elasticity 1,600,000 lbs. sq. in. 

•A. S. T. M. Specifications for Density. 
••Concentration within two beam depths of end support. 
•**C — value for Compression (short columns) . 



TABLE IV. 

Recommended Design Stresses 

{Lbs. prr sq. in.) 

GENERAL STRUCTURAL GRADES, 
{Not graded for density or ring count) 

Class A Class B Class C Class D 
Bending, extreme 

fiber 900 1100 1200 1800 

Direct tension (net 

area) 900 1100 1200 1800 

Compression (short 

columns) 800 900 1000 1400 

Compression (long 

columns) Reduce direct compression by pro- 

duct of (C/75) xl/d*** 
Compression (flat- 
wise) 250 300 350 500 
Longitudinal shear 

(uniform load) 100 110 125 200 

Shear with grain 

(details) 100 110 125 200 

Design weight per 

cu. ft. 48 lbs. 42 lbs. 36 lbs. 48 lbs. 

Modulus of elasticity 1,600.000 lbs. sq. in. 

HEAVV JOISTS AXl) DIMENSION 

For house framing with interior plastered 
ceilings, the depth of floor beams is usually 
determined by safe limits of deliection. This 
type of construction occurs largely in resi- 
dence buildings for which building code re- 
quirements exceed the actual live loads that 
are likely to obtain. Designs based on the 
following stresses will result in satisfactory 
construction. The better grade material will 
be utilized especially in offices, warehouses, 
store and mercantile buildings of wood joisted 
construction. 



TABLE V. 

Recommended Design Stresses 

SELECTED NO. 1 C OMMOX DIMEXSION 

Bending, extreme fiber 1800 lbs. sq. in. 

Compression (flatwise) 350 

Shear with grain 150 

Modulus of elasticity... 1,600,000 " " " 

Design weight per cu. ft 42 
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TABLE VI. 

Re CO nun ended Design Stresses 

COMMON DIMENSION 

Bending, extreme fiber 1200 lbs. sq. in. 

Compression (flatwise) 350 

Shear with grain 125 

Modulus of elasticity 1,600,000 " " " 

Design weight per cu. ft 36 

In small dwellings, particularly of all 
frame construction, where 2" dimension stock 
is commonly used for floor joists, studs and 
rafters, the clement of bending strength is not 
the determining factor. The extreme fiber 
stress in members of this type of construction, 
proportioned for stiffness, will rarely, if ever, 
exceed 1,000 pounds per square inch. 



Special Uses 

IC OR intermittent, indefinite loads of short 
-T duration such as occur in transmission line 
towers, the specified working stresses for 
structural Southern Yellow Pine can be safely 
increased SO per cent., that is for dense mate- 
rial, bending in extreme fiber can be com- 
puted at 3,000 lbs. per square inch and for 
sound material (not graded for density) at 
2,400 per square inch. 

The engineering and architectural service 
divisions of the Southern Pine Association 
will gladly co-operate with engineers and ar- 
chitects in the solution of any special prob- 
lems involving the use of Southern Yellow 
Pine.* 

*For detail use recommendations and tables of safe loads, sec 
Bulletin No. 6 of this series. 



s i 



Tr \IjI M \RKi.l) 




( iR ADiM AKKI I) 



SoiTHhRN ^ hij-ow Pine 



Q'^ ■S!3S<llSi '^'^^:-^I '^Ct^.^X'^ 0'l<JSS'^ W^^'i^*^^^^^'^ '«32^'5'^>C3l-ftj0'>-| 



